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(54) Connector structure 

(57) A connector structure in which a second con- 
nector is fitted to an interior of a cylindrical receiving 
port of a first connector such that the first and second 
connectors can be electrically connected together in an 
inner region of the cylindrical receiving port, wherein a 
fitting portion of the second connector exhibits a gener- 
ally square configuration, four corner portions of the 
square fitting portion are each defined as an arcuate 
corner portion arranged on an inscribed circle of the 
cylindrical receiving port and having a same radius of 
curvature as the inscribed circle, an arcuate surface of 
each of the four arcuate corner portions is in inscribed 
relation to an inner peripheral surface of the cylindrical 
receiving port, and four side portions between adjacent 
arcuate corner portions are located away from the inner 
peripheral surface of the cylindrical receiving port. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a connector struc- s 
ture in which a second connector is fitted to an interior 
of a cylindrical receiving port of a first connector such 
that the first and second connectors can be electrically 
connected together in an inner region of the cylindrical 
receiving port. u 
[0002] In Japanese Patent Unexamined Publication 
(Kokai) No. Hei 8-153557, there is disclosed a connec- 
tor structure in which a cylindrical fitting portion of a sec- 
ond connector mounted on a wiring circuit board is fitted 
to an interior of a cylindrical receiving port of a first con- 15 
nector such that they can be electrically connected 
together in inner regions of the respective cylindrical 
receiving ports. 

[0003] The above connector structure has the fol- 
lowing shortcomings. Because the second connector is 20 
circular, the square region substantially circumscribing 
the circle forms a dead space. This dead space badly 
degrades the mounting efficiency of a given electronic 
part on a wiring circuit board (first problem). In case of a 
portable telephone, for example, where miniaturization 25 
is a main target to be achieved, improvement is 
demanded. 

[0004] Also, in the above Japanese Patent Unex- 
amined Publication No. Hei 8-153557, a cylindrical 
receiving port of the first connector is provided with slits 30 
so that it can be dilated and contracted, and a cylindrical 
fitting portion of the second connector is pushed into the 
slit cylindrical receiving port so that an inwardly project- 
ing locking projection formed on an end portion of the 
receiving port is locked to a locking groove formed in an 35 
outer peripheral surface of the cylindrical fitting portion, 
thereby retaining a connection between the first con- 
nector and the second connector. 
[0005] Because of the above arrangement, this 
prior art device has the following additional shortcom- 40 
ings. Since the locking projection is locked to the locking 
groove by only resiliency of the slit receiving port com- 
ponent pieces, the locking projection is liable to be 
unlocked from the locking groove by tensile force. In 
order to prevent this unfavorable occurrence, it would be 45 
necessary to increase the locking force by the receiving 
port component pieces. However, if the locking force 
should be increased, the operational force for locking 
and unlocking the locking projection with respect to the 
locking groove would be overly increased (second prob- so 
lem). 

[0006] In the prior art including the above, when the 
cylindrical fitting portion is fitted to an interior of the 
cylindrical receiving portion of the first connector, an 
earth contact is achieved at this fitting surface. Here 55 
again, if the operational force for fitting should be 
reduced, a reliable electrical connection would be 
degraded. If the fitting portion should be strengthened in 



order to reduce the operational force for fitting, the oper- 
ational force for locking/unlocking would be overly 
increased as mentioned (third problem). This problem is 
attributable to the arrangement in which connection 
between the first connector and the second connector 
and earth connection thereof depend on the fitting por- 
tion. 

[0007] The present invention has been accom- 
plished in order to overcome the above-mentioned 
shortcomings for problems inherent in the conventional 
devices. 

SUMMARY OF THE INVENTION 

[0008] It is, therefore, an object of the present 
invention to provide an improved connector structure 
capable of providing a reliable electrical connection. 
[0009] Another object of the present invention is to 
provide an improved connector structure in which 
mounting efficiency is enhanced. 
[0010] To achieve the above objects, according to 
one aspect of the invention, there is essentially provided 
a connector structure in which a second connector is fit- 
ted to an interior of a cylindrical receiving port of a first 
connector such that the first and second connectors can 
be electrically connected together in an inner region of 
the cylindrical receiving port, wherein a fitting portion of 
the second connector exhibits a generally square con- 
figuration, four corner portions of the square fitting por- 
tion are each defined as an arcuate corner portion 
arranged on an inscribed circle of the cylindrical receiv- 
ing port and having a same radius of curvature as the 
inscribed circle, an arcuate surface of each of the four 
arcuate corner portions is in inscribed relation to an 
inner peripheral surface of the cylindrical receiving port, 
and four side portions between adjacent arcuate corner 
portions are located away from the inner peripheral sur- 
face of the cylindrical receiving port. 
[0011] According to another aspect of the present 
invention, there is also provided a connector structure in 
which a second connector is fitted to an interior of a 
cylindrical receiving port of a first connector such that 
the first and second connectors can be electrically con- 
nected together in an inner region of the cylindrical 
receiving port, wherein a plurality of slits extending axi- 
ally and reaching an end lace of the receiving port are 
circumferentially spacedly formed in a peripheral sur- 
face of the cylindrical receiving port, a locking projection 
projecting inwardly is formed on an inner peripheral sur- 
face of an end portion of each of a plurality of receiving 
port component pieces divided by the slits, a fitting por- 
tion of the second connector is brought into abutment 
with the inwardly projecting locking portion of each of 
the receiving port component pieces to dilate the receiv- 
ing port component pieces and fitted to an interior of the 
cylindrical receiving port such that the receiving port 
component pieces are closed by a tail end of the fitting 
portion so that the inwardly projecting locking projection 



f 



EP 1 009 067 A2 



3 

is locked to the fitting portion, and a dilation preventive 
member is vertically movably fitted to an outer periph- 
eral surface of the cylindrical receiving port such that 
dilation of the receiving port component pieces is pre- 
vented when the dilation preventive member moves 
downwardly, thereby retaining a connected relation 
between the first connector and the second connector. 
[0012] According to a further aspect of the present 
invention, there is also provided a connector structure in 
which a second connector is fitted to an interior of a 
cylindrical receiving port of a first connector such that 
the first and second connectors can be electrically con- 
nected together in an inner region of the cylindrical 
receiving port by a signal terminal between the first con- 
nector and the second connector, wherein an earth ring 
provided on the first connector is placed, in overlapping 
relation, on an earth seat piece provided on the second 
connector in a plane perpendicular to an axis, and the 
earth ring and the earth seat piece are pressed by a 
spring provided on the first connector so that the first 
and second connectors are electrically connected 
through overlapped surfaces thereof 
[001 3] A more complete application of the invention 
and many of the attendant advantages thereof will be 
readily obtained as the same becomes better under- 
stood by reference to the following detailed description 
when considered in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a plan view of a second connector embod- 
ying the present invention; 
Fig. 2 is a vertical sectional view of Fig. 1; 
Fig. 3 is a side view of Fig. 1 ; 
Fig. 4 is a cross sectional view showing a fitted 
state of the first and second connectors; 
Fig. 5 is a side view of a cylindrical receiving port 
portion of the first connector; 
Fig. 6 is a cross sectional view of the first connec- 
tor; 

Fig. 7 is a vertical sectional view showing a state 
before the first and second connectors are fitted; 
Fig. 8 is a vertical sectional view showing a state 
after the first and second connectors are fitted; and 
Fig. 9 is a switch circuit diagram composed of an 
antenna, a transmitting/receiving circuit and a sec- 
ond connector. 

DETAILED DESCRIPTION OF THE PRESENT INVEN- 
TION 

[001 5] As shown in Figs. 1 through 9, a first connec- 
tor 1 constitutes a test probe, and a second connector 2 
constitutes a switch connector of a transmitting/receiv- 
ing circuit 4 mounted on a wiring circuit board 3. 



[0016] As shown in Fig. 5. the first connector 1 and 
the second connector 2 are connected together to 
switchingly bring the transmitting/receiving circuit 4 into 
open position with respect to an antenna 5 and open 

5 position with respect to the test probe. This connector 
structure is applicable to a communication device such 
as a portable telephone or the like. 
[0017] The connector 1 includes a cylindrical 
receiving port 6 formed in a distal end thereof, a signal 

10 pin terminal 7 disposed on a central region within the 
cylindrical receiving port 6 and an earth ring 9 disposed 
on a concentric circle of the pin terminal 7 through an 
insulative material 8. The cylindrical receiving port 6 
surrounds an outer periphery of the earth ring 9. 

is [0018] The earth ring 9 is axially resiliency held by a 
coiled spring 10 which surrounds the insulative material 
8 such that it is normally biased towards an opening sur- 
face of the cylindrical receiving port 6, i.e., in a direction 
for connection with the second connector 2. 

20 [0019] In order to prevent the earth ring 9 from 
escaping, a locking sleeve 1 1 is concentrically disposed 
inwardly of the earth ring 9 in such a manner as to sur- 
round the pin terminal 7, a locking pawl 13 formed on an 
end portion on the other side of the receiving port of the 

25 earth ring 9 to an annular locking pawl 1 2 disposed on 
the end portion on the receiving port side of the locking 
sleeve 1 1 and a stopper for resisting the effect of the 
coiled spring 10 is formed on the earth ring 9 thereby 
preventing escape from the interior of the receiving port. 

30 The earth ring 9 can move on the axis upwardly (in a 
direction away from the receiving port opening surface) 
while compressing the coiled spring 10 and it can move 
on the axis downwardly (in a direction approaching the 
receiving port opening surface) under the effect of the 

35 coiled spring 1 0. This low limit position is retained by the 
stopper. 

[0020] A cylindrical dilation preventive member 14 
is vertically movably fitted to an outer peripheral surface 
of the cylindrical receiving port 6 such that dilation of the 

40 receiving port component pieces 15 is prevented when 
the cylindrical dilation preventive member 14 is moved 
downwardly and dilation of the receiving port compo- 
nent pieces 15 is allowed when the receiving port com- 
ponent pieces 15 is moved upwardly. 

45 [0021 ] That is, a plurality of slits 1 6 extending axially 
and reaching an end face of the cylindrical receiving 
port 6 are circumferentially spacedly formed in a periph- 
eral surface of the cylindrical receiving port 6 so that the 
receiving port component pieces 1 5 divided by the slits 

so 16 can displace outwardly against resiliency thereof and 
inwardly under the effect of resiliency thereof. This 
makes it possible that the cylindrical receiving port 6 is 
dilated and contracted. 

[0022] Inwardly projecting locking projections 17 
55 are formed on an inner peripheral surface of an end por- 
tion of each of the receiving port component pieces 15 
divided by the slits 16. 

[0023] As one example, the locking projections 17 
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are arranged, in an annular pattern, on an inner periph- 
eral surface of a lower end of the cylindrical receiving 
port 6. The cylindrical receiving port 6 is divided by the 
slits 16 to form the locking projections 17 on the inner 
peripheral surface of each receiving port component 
piece 15. Thus, the locking projections are continuous 
in an annular pattern through the slits 16. 
[0024] On the other hand, an insulative connector 
body 18, which forms a housing of the second connec- 
tor 2, is fitted to an interior of the cylindrical receiving 
port 6 of the first connector 1 such that the fitting portion 
28 exhibits a generally square configuration. Four cor- 
ner portions of the square fitting portion 28 are each 
defined as an arcuate corner portion 29 arranged on an 
inscribed circle of the cylindrical receiving port 6 and 
having a same radius of curvature as the inscribed cir- 
cle. An arcuate surface of each of the four arcuate cor- 
ner portions 29 is in inscribed relation to an inner 
peripheral surface of the cylindrical receiving port 6, and 
four side portions 30 between adjacent arcuate corner 
portions 29 are located away from the inner peripheral 
surface of the cylindrical receiving port 6, thus forming 
an arcuate cavity 31 . 

[0025] An earth seat piece 19 is formed on an 
upper surface of the insulative connector body 18 (i.e., 
on an upper surface of the fitting portion 28) such that 
the earth seat piece 19 is, in parallel relation, confronted 
with an opening surface of the cylindrical receiving port 
6. That is, the earth seat piece 19 forms an annular 
plane perpendicular to an axis of the pin terminal 7. 
[0026] The earth seat piece 19 has a pin terminal 
insert hole 20 at its central region. This pin terminal 
insert hole 20 is concentric with the pin terminal 7. One 
pair of earth terminal pieces 21 integrally extends from 
a peripheral edge portion of the earth seat piece 19 
along opposing side surfaces of the connector body 18. 
A lower end of the earth terminal piece 21 is bent 
inwardly to fit to a stepped portion 22 formed on a lower 
surface of the connector body 18, thereby retaining the 
earth seat piece 1 9 on the connector body 1 8. A surface 
mounting piece 23 is formed by the inwardly bent piece 
of the earth terminal piece 21 . The earth terminal piece 
21 is mounted on a circuit pattern of the wiring circuit 
board 3 by soldering or the like through the surface 
mounting piece 23. 

[0027] A signal contact is disposed within the con- 
nector body 18, that is, immediately below the earth 
seat piece 19. This signal contact is composed of a first 
contact piece 24 to be connected to the transmit- 
ting/receiving circuit 4 and a second contact piece 25 to 
be connected to the antenna 5. The first and second 
contact pieces 24, 25 are each integrally provided on an 
external end thereof with a surface mounting piece 33. 
The surface mounting piece 33 is connected to the wir- 
ing circuit board 3 by soldering or the like and mounts 
the second connector 2 on the wiring circuit board 3 in 
co-act with the surface mounting piece 23. 
[0028] The first and second contact pieces 24, 25 



are allowed to extend generally horizontally so that they 
are intersected with an axis of the pin terminal 7 from 
mutually opposite directions, with inner ends thereof 
vertically confronted with each other. The first contact 

s piece 24 is normally resiliency contacted, under pres- 
sure, with the second contact piece 25 through a first 
projection 26 formed on a confronting surface of the first 
contact piece 24 which is located in a position lower 
than the second contact piece 25. By this, the transmit- 

w ting/receiving circuit 4 is connected to the antenna 5. 
[0029] The first contact piece 24, which is disposed 
immediately below the insert hole 20 of the pin terminal 
7, is confronted with a distal end of the pin terminal 7, 
that is, confronted with the pin terminal 7 and its insert 

is hole 20, so that a second projection 27 is formed on this 
confronting portion. 

[0030] When the fitting portion 28 of the second 
connector 2 is fitted to an interior of the cylindrical 
receiving port 6 of the first connector 1 , the pin terminal 

20 7 is inserted into the insert hole 20. Then, the second 
projection 27 is pushed by a distal end portion of the pin 
terminal 7 to deflect the first contact piece 24 down- 
wardly so that the first projection 26 is brought away 
from the second contact piece 25 to open the antenna 5 

25 and the transmitting/receiving circuit 4 and close the 
transmitting/receiving circuit 4 and the contact pin 7 
through the first contact piece 24. The pin terminal 7 is 
connected to a test circuit to carry out a test. 
[0031] In the above connector structure, the fitting 

30 portion 28 of the second connector 2 is fitted to an inte- 
rior of the cylindrical receiving port 6 of the first connec- 
tor 1, thereby achieving the electrical connection 
between the first connector and the second connector 
at an inner region of the cylindrical receiving port 6. 

35 [0032] The fitting portion 28 of the second connec- 
tor 2 is formed in a generally square configuration. The 
four corner portions of the square fitting portion 28 are 
each defined as an arcuate corner portion arranged on 
an inscribed circle of the cylindrical receiving port 6 and 

40 having a same radius of curvature as the inscribed cir- 
cle. An arcuate surface of each of the four arcuate cor- 
ner portions is in inscribed relation to an inner 
peripheral surface of the cylindrical receiving port6. 
Thus, the four side portions between adjacent arcuate 

45 corner portions are located away from the inner periph- 
eral surface of the cylindrical receiving port 6, thereby 
forming an arcuate cavity 31 . 

[0033] By this, the dead space, as had in the prior 
art when the second connector is mounted on the wiring 

so circuit board, can be reduced considerably and the 
mounting efficiency can be enhanced. In this case, the 
reduced area is so large as 1/2 or more of the square 
configuration circumscribing the conventional cylindrical 
fitting portion and therefore, the above-mentioned first 

55 problem can be solved. 

[0034] Also, in the above mutually fitting connector 
structure, a plurality of slits 16 extending axially and 
reaching an end face of the cylindrical receiving port 6 
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are circumferentially spacedly formed in a peripheral 
surface of the cylindrical receiving port 6 and a locking 
projection projecting inwardly is formed on an inner 
peripheral surface of an end portion of each of the 
receiving port component pieces 15 divided by the slits 
16. 

[0035] The fitting portion 28 of the second connec- 
tor 2 is brought into abutment with the inwardly project- 
ing locking portion 17 of each of the receiving port 
component pieces 15 to dilate the receiving port com- 
ponent pieces 15 and fitted to an interior of the cylindri- 
cal receiving port 6 such that the receiving port 
component pieces 15 are resilientiy restored and con- 
tracted by a tail end of the fitting portion so that the 
annular inwardly projecting locking projection 17 is 
locked to a stepped portion 32 formed on a lower sur- 
face of each arcuate corner portion 29. A dilation pre- 
ventive member 14 is vertically movably fitted to an 
outer peripheral surface of the cylindrical receiving port 
6 such that dilation of the receiving port component 
pieces 15 is prevented when the dilation preventive 
member 14 moves downwardly, thereby retaining a con- 
nected relation between the first connector 1 and the 
second connector 2. 

[0036] By this, a reliable connection between the 
first connector 1 and the second connector 2 can be 
ensured while reducing the fitting operational force of 
the receiving port 6. Thus, the conventional problem, in 
which a sufficient connecting force (i.e.. locking force) is 
unobtainable when the fitting operational force is 
reduced, can be solved effectively. 
[0037] In the above mutually fitting connector struc- 
ture, the earth ring 9 provided on the first connector 1, 
when the first and second connectors 1, 2 are con- 
nected together, is placed, in overlapping relation, on 
the earth seat piece 19 provided on the second connec- 
tor 2 in a plane perpendicular to the axis, and the earth 
ring 9 and the earth seat piece 19 are pressed by the 
coiled spring 10 provided on the first connector 1 so that 
the first and second connectors 1 , 2 are electrically con- 
nected through overlapped surfaces thereof. By this, 
reliability can be enhanced by obtaining a sufficient 
earth contact pressure while reducing the fitting opera- 
tional force. Thus, the above-mentioned third problem in 
the prior art can be solved effectively. 
[0038] According to the present invention, the dead 
space, as had in the prior art when the second connec- 
tor is mounted on the wiring circuit board, can be 
reduced considerably and the mounting efficiency can 
be enhanced. In this case, the reduced area is so large 
as 1/2 or more of the square configuration circumscrib- 
ing the conventional cylindrical fitting portion and there- 
fore, the above-mentioned first problem can be solved. 
[0039] Also, a reliable connection between the first 
and second connectors can be ensured while reducing 
the fitting operational force of the receiving port Thus, 
the conventional problem, in which a sufficient connect- 
ing force (i.e., locking force) is unobtainable when the f it- 
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ting operational force is reduced, can be solved 
effectively. 

[0040] Also, reliability can be enhanced by obtain- 
ing a sufficient earth contact pressure while reducing 
s the fitting operational force. Thus, the above-mentioned 
third problem in the prior art can be solved effectively. 
[0041] Obviously, numerous modifications and vari- 
ations of the present invention are possible in light of the 
above teachings, ft is therefore to be understood that 
10 within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically 
described herein. 

Claims 

1 . A connector structure in which a second connector 
is fitted to an interior of a cylindrical receiving port 
of a first connector such that said first and second 
connectors can be electrically connected together 
in an inner region of said cylindrical receiving port, 
wherein a fitting portion of said second connector 
exhibits a generally square configuration, four cor- 
ner portions of said square fitting portion are each 
defined as an arcuate corner portion arranged on 
an inscribed circle of said cylindrical receiving port 
and having a same radius of curvature as said 
inscribed circle, an arcuate surface of each of said 
four arcuate corner portions is in inscribed relation 
to an inner peripheral surface of said cylindrical 
receiving port, and four side portions between adja- 
cent arcuate corner portions are located away from 
the inner peripheral surface of said cylindrical 
receiving port. 

2. A connector structure in which a second connector 
is fitted to an interior of a cylindrical receiving port 
of a first connector such that said first and second 
connectors can be electrically connected together 
in an inner region of said cylindrical receiving port, 
wherein a plurality of slits extending axialiy and 
reaching an end face of said receiving port are cir- 
cumferentially spacedly formed in a peripheral sur- 
face of said cylindrical receiving port, a locking 
projection projecting inwardly is formed on an inner 
peripheral surface of an end portion of each of a 
plurality of receiving port component pieces divided 
by said slits, a fitting portion of said second connec- 
tor is brought into abutment with said inwardly pro- 
jecting locking portion of each of said receiving port 
component pieces to dilate said receiving port com- 
ponent pieces and fitted to an interior of said cylin- 
drical receiving port such that said receiving port 
component pieces are closed by a tail end of said 
fitting portion so that said inwardly projecting lock- 
ing projection is locked to said fitting portion, and a 
dilation preventive member is vertically movably fit- 
ted to an outer peripheral surface of said cylindrical 
receiving port such that dilation of said receiving 
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port component pieces is prevented when said dila- 
tion preventive member moves downwardly, 
thereby retaining a connected relation between 
said first connector and said second connector. 

5 

A connector structure in which a second connector 
is fitted to an interior of a cylindrical receiving port 
of a first connector such that said first and second 
connectors can be electrically connected together 
in an inner region of said cylindrical receiving port w 
by a signal terminal between said first connector 
and said second connector, wherein an earth ring 
provided on said first connector is placed, in over- 
lapping relation, on an earth seat piece provided on 
said second connector in a plane perpendicular to 15 
an axis, and said earth ring and said earth seat 
piece are pressed by a spring provided on said first 
connector so that said first and second connectors 
are electrically connected through overlapped sur- 
faces thereof 20 
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FIG. 2 
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FIG. 5 
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FIG. 7 




27 26 18 



10 



EP 1 009 067 A2 




FIG. 9 
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